The supposition that the occurrence of flood event will have an inverse effect on rental values of residential housing properties is often accepted as a fact. However 
Introduction
Disasters, especially those that seem principally to be caused by natural hazards such as flood events are the greatest threat to humanity (Wisner et al., 2004) . The lethal reputation of flooding events destroys development gains at greater proportions and shortens the lives of many of the world's population (UNISDR, 2011) .The Office for the Coordination of Humanitarian Affairs of the United Nations (OCHA) for example, reports that in 2012, more than one and a half million people were affected by floods in Niger, Chad, Senegal and Nigeria and that more than 129 400 homes were destroyed (OCHA, 2012) . Available literature (Aboagye, 2012; Larsen, 2012; Munich Reinsurance Company, 2013) estimates that the average annual economic losses associated with flooding are in excess of 40 billion USD per year. The increasing cost of flood disasters in the past decennium has re-ignited a significant research on the hazards of flood and its impact on humans and their valuable assets (Aboagye, 2012; Larsen, 2012; Efstratiadis et al., 2013) . The consequences of urban floods from available scholarly works particularly highlight the increasing evidence of negativity on houses and their values in terms of sales (Leggett and Bockstael, 2000; Kim et al., 2003; Mansfield et al., 2005; Gibbons et al., 2008; Gibbons & Machin, 2008) , with only a handful of the studies empirically estimating the impact of urban flooding on residential rental values (Orford, 2002; Eves, 2004) .
In Ghana, there is large academic and policy inventory on impact of flood events on society (Karley, 2009; Oppong, 2011; NADMO, 2014) , but literature search on the relationship between flood events and residential rental values did not return any empirical study as is the case in the developed 'north' as previously explained. The researchers agree that flood events in Ghana have taken hundreds of lives and destroyed properties worth millions of USD. But to focus on these (in the understandably humanitarian way that outsiders do in response to such tragedies) is also to ignore the effects of flood events on other economic indicators including residential rental values. This situation creates knowledge gap, a gap which must be filled with a research of this nature in the Ghanaian context where residential property types and the rental market may be radically different. This article interrogates the impact of flood events on rental values of the four common residential property types (single room; chamber and hall; two-bed room and three-bed room apartment types) in Kumasi, the second largest city of Ghana and one that has experienced more than ten devastating flood events between 2006 (NADMO, 2014 .
Understanding how residential rental values respond to flooding is an important question for many reasons. First, as observed by Pryce et al. (2011) , spatial variation in the location of a unit of housing can in principle, reveal the money value of the welfare loss associated with vulnerability to flooding. It will also help estimate the total impact of floods on human wellbeing and serves as a basis for planning housing. This can enhance human settlement programmes and policies, evaluation and monitoring of housing conditions and societal needs assessment within the context of the national development. Lastly, understanding of the relationship between flood impact and rental value is essential to homeowners who rely on housing as their major source of income for retirement. The potential for floods to wipeout housing wealth accumulated over a person's lifetime is of particular concern in societies where there are high rates of homeownership and of households with undiversified portfolios (Cauleyet al., 2007) . The paper is structured in five sections. After the introductory section, the second section discusses the contextualization of residential rental values and flood impact nexus. The third section describes the research approach. Section four presents the results and discussions of the study. The final section concludes and gives recommendations.
Literature Review
The rental value of a residential property is defined as the amount of money paid usually per annum by tenant to landlord for access and usage of the residential property (Aliyu et al., 2012; Larsen, 2012) and is influenced by certain factors such as location, age, structural characteristics and many others (Howley, 2009 ). The dynamics of rental values depend on the elasticity of both demand and supply of a particular rental space type (Geltner et al., 2006 , Lamond et al., 2007 Larsen, 2010 Larsen, , 2012 . The rental market is highly segmentedand tends to be local rather than national, and specialized around building usage categories (Geltner et al., 2006) . Adegoke (2014) examined critical factors that influence residential property rental values in three urban areas in Nigeria based on hedonic pricing model, which is quantitative tool for gauging property values. The study revealed that different building types have different critical factors influencing their rental values within different residential densities (Adegoke, 2014) . Blair and Larsen (2010) Nilsson et al. (2006) ; Woolley et al. (2008) and Kleinhans (2009) on the importance of social relationships among residents.
Using a hedonic regression model, Selim (2008) studied factors influencing house prices in Turkey by analyzing 2004 Household Budget Survey Data in Turkey. To Selim, the type of house, type of building, number of rooms, size, and other structural characteristics such as water system, pool, natural gas were the major determinants of house rental values (Selim, 2008) . Olujimi& Bello (2009) evaluated the availability and effect of infrastructure on rental values in residential property in Nigeria, particularly in the Akure of the Ondo State. The study utilized the hedonic approach based on regression analysis. The results showed that, 30.5% of rental values of residential buildings were attributed to infrastructural facilities particularly the provision of wall-fence and windows with burglar proof. Subsequently, they recommended that for residential properties to command competitive rental values, amenities likewall-fence and windows with burglar proof amongothers should be provided (Olujimi & Bello, 2009 ). Larsen (2010) reported on a study to determine whether investors pay less for single-family houses than do buyer/residents. This was done by subjecting transactional data from 3,443 single-family houses to regression analysis and it was confirmed that on average investors systematically pay 13.23 per cent less than those residing in the houses (Larsen, 2010) . Other studies supported location as one of the key determinants of residential property rental value (for example, Olujimi & Bello, 2009; Howley, 2009; Aliyu et al., 2012) . In addition, locations do influence residential rental values through tangible or intangible mode as labelled by Aliyu et al. (2012) .
Globally, research on the impact of flooding on residential property value have provided variant outcomes attributed partly to differing methodological approaches and partly to the nature and type of the impact or flood risk gauged. Broadly, three schools of thought about flood impact on property values are discernible. Proponents of the first school of thought hold the view that there is an inverse relationship between flood impact and property values. This school of thought contend that housing properties located in flood prone areas attract lower prices than those located farther away (Eves, 2002; Samwinga et al., 2004; Environment Agency/DEFRA, 2004; Wordsworth and Bithel, 2004; Lamond et al., 2005; Lamond et al., 2007; Larsen, 2012) . They contend further that in most cases, property values are discounted after major flood events. Harrison et al. (2001) suggests that the occurrence of flood event is a key driving factor for the discount in house rents experienced by owners of property sited on flood plains. Divergently, the second school of thought concludes that there is no impact of flood events on property values (Bialaszewski & Newsome, 1990) . They argue that there have been many instances where zero impact of flood on property values is revealed (cited in Lamond et al., 2005; Lamond & Proverb, 2006) . The last school of thought proclaim that flooded property can achieve a premium over non-flooded equivalent (Montz, 1993) . They contend that flood effects are positive and that in the long term flooded property can yield a premium over its nonflooded counterparts (Montz, 1993 as cited in Lamond et al., 2005) .
Our research is under-pinned by the theoretical profiling of flood impact on property value propounded by Tobin &Montz (1994) . The framework is based on a combined literature from urban economics and flood hazard. The profile is also based on the premise that land value is determined by time, frequency and severity of flood. The theory among other things stipulate that socio-economic and environmental features including flooding conditions dictate the speed and scale of property value recovery into four simple profiles ( Figure 1 ) (Lamond&Proverb, 2006) . Profile 1 in Figure 1 depicts a scenario of a one-off previously Flooded Property Value (FPV) with a temporal depression where later the FPV recovers. In this case the effect of inflation is ignored for clarity. This can be experienced at flood liable areas with a lower flood risk as risk of return is low after a flash flood which does not induce property value to remain low. In this scenario property value recovery time is most probably shorter than the reinstatement time. Again, this profile might prevail at a low flood risk region where residents collectively forget about flood risk over time as experienced in Sydney (Eves, 2004 ). This will have a longer recovery period than that of flash flood as indicated by Lamond & Proverb (2006) .
Profile 2 shows a scenario where a previously flooded property value increases relatively higher above the non-flooded property values as supported by Montz (1992) and Tobin &Montz (1994) . Though, it sounds far from reality, some of the explanations as indicated by Lamond& Proverb (2006) were that post-flood reinstatement might lead to betterment of previously flash flooded properties and their values attributed to events such as the provision of flood defence, building standards higher than the original standards and updating fixtures and decoration. Profile 3 represents a situation where an occurrence of flood brings about new but permanent perception about an area being liable to flooding. This scenario can occur when residents of a high-risk area noted for persistent flooding tend to forget about flood events for a longer period of time. In this case, an unexpected flood incident might renew their awareness permanently. Lamond & Proverb (2006) support this example with the 1998 and 2000 floods that occurred in the UK after about two decades of prolonged dry period. Profile 4 symbolises a scenario that if flooding is regular and has already been factored into house prices then the impact of one event of flood will be zero. Based on this, the zone and its residents will be enjoying policies such as mandatory insurance and cost rebate. In such instances, a new flood event will yield no impact on new home purchasers or tenants (Lamond & Proverb, 2006) . 
Methodology

Study area
The study was conducted in Kumasi which is situated in the transitional forest zone and located about 270 km north of the national capital, Accra (GSS, 2010) . The unique centrality of the city as a traversing point from all parts of Ghana makes it a special place for many to migrate. The city is traversed by major rivers and streams which include the Subin, Wiwi, Sisai, Owabi, Aboabo, Nsuben among others (Danquah et al., 2011) . However, anthropogenic activities in terms of estate development, encroachment and indiscriminate waste disposal practices have impacted negatively on the drainage system and have consequently brought these water bodies to the brink of extinction (Owusu-Sekyere et al., 2016) .
The high rate of population growth coupled with the high migrant numbers has outstripped the rate of infrastructure development and service provision (GSS, 2010) . Most of the facilities have exceeded their carrying capacities. Houses in the metropolis can be classified into about five types (KMA, 2014). These include: single storey traditional compound houses, multi-storey compound houses, government-built detached or semi-detached for low-income households, large single household houses built on relatively large plots and block of flats. The housing environment in some parts of Kumasi especially Oforikrom, MoshieZongo, Sawaba, Ayigya Zongo and Aboabo are unsightly and characterized by poor drainage and sanitation. The 2010 population census indicates Kumasi has 20.5 per cent of the regional housing stock (GSS, 2010) . The KMA reports that the city keeps expanding with new housing infrastructure. Old houses in the city centre are currently being pulled down to make way for new and ultra-modern structures (KMA, 2014) . It is therefore important for the authorities to determine the direction of growth.
The city's population is growing at a rate of 5.47 per cent per annum whilst housing supply is growing at 2.9 per cent per annum (KMA, 2014) . Obviously population growth far outstrips housing production and therefore supply of housing is still below the required demand (GSS, 2010) . The GSS further estimates that 1 per cent increase in population requires about 3 per cent increase in housing infrastructure.
Data Set
To accomplish the objectives of the study, two methodological approaches were adopted: the experimental block design which allows for the selection of multiple sites and the repeated sales model proposed by Lamond et al. (2007) which is used to track the impact of flooding through time. The former was used for the identification and selection of neighbourhoods of identical location attributes. The essence of experimental block design was to offset the consequence of variables attributed to differences in location. It also yields consistency in flood impact across different periods. After selecting the residential blocks for the study, the study then adopted the repeated sales model to gauge the floods impact on the rental values of the different property types. According to Lamond et al. (2007) , all things being equal, in specifying the repeated sales model through the experimental block design to gauge the floods impact on property value, the price of property (i) at time period (t) can be expressed in a logarithmic form as:
Where;
InP it = the price of property (i) j = vector of coefficients representing the elasticity of price with respect to the matrix of location and property specific explanatory variables X jit ; Based on the assumptions of the repeated sales model, a renewal of rent of the same property (i) at a subsequent period (t+k) will change equation (1) to equation (2) as:
Hence, the change in rent of property (i) between period (t) and period (t+k) can be given as (equation 2) minus (equation 1). The characteristics of property (i) and of its location were held constant between the periods (t) and (t+k). Again, the differences in characteristics of both flooded and non-flooded properties between period t and t+k were also held constant. This implies that the location and property specific characteristics of property (i) react to give zero, after which the growth effect of the change in flood status was derived. Here, the time period was limited to two-before and after flood event. Now the model becomes analogous to the "difference-in-difference" (D-in-D) model of Gibbons and Machin (2005) as indicated and adapted by Lamond et al. (2006) . By using the non-flooded property rental values as a control sample and flooded property rental values as the treated samples, the changes in rental values (R) between the two periods, that is before flood (P1) and after floods (P2) for both flooded (f) and non-flooded (nf) properties were gauged. Hence, the differences between flooded rental values and non-flooded rental values were computed to assess the flood impact on rental values (table 1) . The flood-impact significance was tested using t-test analysis. The data set for this study were collected in a seven-month period (April-September, 2015) . The period between April and September is when the impact of the rainy season and its resultant flooding event is greatly felt in Ghana. The data consisted of rental values of flooded residential properties and rental values of non-flooded residential properties from Dichemso, Aboabo and Atonsu (see figure 2). These study sites were selected based on the fact that for the past five years preceding the study, they have experienced consistent flooding events of higher magnitudes with some of the events reaching the scale of national disasters (NADMO, 2014) . For the purpose of this study, each community is referred to as "Block" because it has identical location attributes. Two categories of houses within each of the Blocks were chosen: residential properties that have not suffered flooding in the last five years preceding the study and residential properties that have continuously suffered annual flooding in the last five years preceding the study. The assumption was that tenants in those residential properties could speak to the economics of rental values and its relationship with the environmental (dis)amenity. The five-year base period was chosen because a GSS report on the housing rental market in Kumasi (GSS, 2010) indicate that tenants go through a rental payment circle of between two and five years (advance payment system) after which a re-negotiation is done depending on the tenant's satisfaction or otherwise with the use of the facility. Based on this understanding, first time residents were excluded from the study. In all, 36 flooded and 60 non-flooded residential properties were selected using rental value attributes such as location and other property specific determinants (see table 2). The data were collected from tenants occupying Single-room Apartments (SRA), Chamber and Hall Apartments (CHA), Two-bedroom Apartments (2BA) and Threebedroom Apartments (3BA). The survey covered tenants who had resided in their apartments for more than five years. A team of five researchers conducted and administered the questionnaire using the face-to-face approach. This approach was adopted because tenants' busy schedule and limited educational accomplishment did not make it possible for them to read and answer the questions by themselves. There were a lot of instances the researchers had to read the items, and also interpret in the local language (Twi) before the appropriate responses were obtained. The respondents' appreciation of the annual flooding event and how the situation influences their rent were further solicited by prompting historical accounts and positioning these conditions within the context of current daily experiences. The questionnaire explored issues including: how long they have stayed in the community, how much they pay monthly and yearly as rent, how they negotiate for the rent and environmental concerns in the community, viz-a-viz the annual flooding event. The responses were coded and analyzed quantitatively on monthly and annual basis.
The actual range of rental values for both flooded and non-flooded properties were small. The data were further analysed to determine the averages on yearly basis for flooded and non-flooded properties. These were t-tested to see whether non-flooded rental values were significantly higher than the flooded counterpart. This was done across all property types (Single-room Apartments, Chamber and Hall Apartments, Two-bedroom Apartments and Three-bedroom Apartments). To estimate the difference on average between the non-flooded rental values (R it ) and flooded rental values (R it+k ) which was also done on yearly basis, a confidence interval estimator of (R it -R it+k ) when variance of (R it and R it+k ) are unequal was used. At confident level of 95%, this is mathematically represented as;
Results and Discussion
The results show that the mean rental values of flooded and non-flooded residential property types respectively were 19. 
F -Flooded property, NF -Non-flooded property, MRV-mean rent values
The equality of variance status of the two sets of data for all the property types were tested and confirmed to be unequal, using the "Real Statistics" data analysis tool. The unequal variances for all non-flooded and flooded properties rental values were further confirmed using the "PHStat 4" -another data analysis tool. The results indicated that using five different t-tests based on both one and two tail tests, all the non-flooded property types had higher rental values than their flooded counterparts. The results showed that the differences between the two rental values for all the t-tests were also statistically significant (Table 3) .
In estimating the extent of differences on average, between the non-flooded rental values (R it ) and flooded rental values (R it+k ) on an annual basis for all the properties contacted, using the confidence interval estimator of (R it -R it+k ) It was found that discount in rental values is one of the major impacts of flooding on residential properties in Kumasi. Understanding the empirical findings from this study does not only provide information on the dilemmas in the rental market but also and more importantly, calls for an urgent policy action in Ghana in general and Kumasi in particular where relatively high proportions of the dwelling units (38.0%) are occupied by tenants (GSS, 2010) . In line with the previous research by Lamond and Proverb (2006) on the impact of flood on residential property values and on the basis of the evidence presented, the results support the thesis of the negative impact of flooding on residential rental values but rejects the postulations of Montz (1992) and Tobin and Montz (1994) Lamond et al., (2007) that, the swivel of rental value and its dynamics include the demand side elasticity and the supply side elasticity of a particular real estate space type. These findings are also in line with comments by Larsen (2010 Larsen ( , 2012 , that rental values depend on the demand and supply of a given property type. Again, these findings buttress the views of many real estate writers such as Geltner et al., (2006) that real estate space market, like residential property market in our study are highly segmented along both geographical and property type (sub) markets. Our findings make it difficult to draw definitive or even generalized policy conclusions and therefore call for a broader contextualization of the spatial dynamics in rental values. The study also supports the studies of Selim (2008) and Olujimi& Bello (2009) who used the hedonic regression model to understand(dis) amenities influencing house rents in Turkey and Nigeria. They observed that impact of flooding on residential properties depended on for example the type of house, type of building, and number of rooms.
Conclusion and Recommendations
The study has shown that flood event can serve as a significant disamenity to residential rental values at variant extent depending on the property type. The results present a number of policy implications for the residential housing market. First, potential landlords should be aware where and when to invest in order not to lose lifetime investments to flooding events. To this end, having historical records of the location and a prior knowledge of the geography of the residential location should be paramount. Secondly, real estate developers need to have a good understanding of how flooding events impacts negatively on residential rental values in order to design appropriate management policies for resilient residential housing properties. The findings can, with further elaboration, provide the basis for re-thinking the current urban land use policy where high population growth and high prizes for a parcel of land have affected land right and ownership, a situation that has compelled many residents to settle on 'waste lands' including flood liable areas. The evidence suggests that in order to build a more sustainable city, government needs to enforce the urban planning policy to make sure that people do not build in flood prone areas. Directly relating to explicit rental policy, the government needs to embark on innovative ways of providing affordable housing to the rapidly expanding urban population. These efforts could be closely linked to wider macroeconomics strategies, including those aimed at enhancing the availability of adequate housing finance in order to stimulate private housing investment.
